We have conducted a spectral line survey of the 3 mm band with the 45 m telescope of Nobeyama Radio Observatory toward the L 1157 B1 shocked region, where the blue-shifted component of the bipolar outflow from the protostar IRAS 20386+6751 interacts with the ambient gas. The observed frequency ranges from 78.1 to 115.8 GHz. We have detected 129 spectral lines of 29 molecular species. In addition to various oxygen-bearing organic molecules such as CH 3 CHO, HCOOCH 3 , and HCOOH, we have detected a phosphorus-containing molecule PN, a nitrogen-bearing organic molecule NH 2 CHO, and a carbon-chain molecule CCS in the shocked region. These results clearly indicate that the L 1157 B1 shocked region is chemically rich, which is probably triggered by evaporation of grain mantles.
Introduction
For a deeper understanding of interstellar chemistry, it is of fundamental importance to reveal chemical compositions of representative objects in an unbiased way. Accordingly, spectral line surveys have so far been conducted toward various sources such as high-mass star-forming regions, low-mass starforming regions, dark clouds, late-type stars, and external galaxies (e.g., Cernicharo et al. 2000; Schilke et al. 2001; Kaifu et al. 2004; Martín et al. 2006; Caux et al. 2011) . In these line surveys, many new interstellar molecules have been detected, and chemical characteristic of each source has been established. Their results have deepened our understanding of production processes of interstellar molecules with the aid of chemical model calculations. These studies have often pointed out how important it is to understand the shock chemistry especially in star-forming regions. However, both physical and chemical structures in star-forming regions are generally so complicated that it is practically difficult to extract the effect of the pure shock chemistry from their observations. Considering the ubiquitous nature of shocks in interstellar clouds, it is very important to thoroughly understand the shock chemistry. With this in mind, we focus on the relatively simple shocked region L 1157 B1 in order to overcome the above difficulties.
L 1157 B1 (d = 440 pc : Viotti 1969 ) is a famous shocked region caused by an interaction between the bipolar outflow from the low-mass protostar IRAS 20386+6751 and the ambient gas. This bipolar outflow is well collimated, whose dynamical age is reported to be 1.8 10 4 yr ). Mikami et al. (1992) detected the broad blue-shifted SiO (J = 2-1) line toward L 1157 B1, and suggested that SiO is liberated in the gas phase by the disruption of silicate grains by the shock. The direct evidence of the shock was revealed by the detection of the near-infrared H 2 emission (Davis & Eislöffel 1995; Nisini et al. 2010b) . Very recently, the strong emission of H 2 O liberated in the gas phase by the shock was detected toward L 1157 B1 by the observation with Herschel (Nisini et al. 2010a ). The physical property of the shocked region was studied, for instance, by Hirano and Taniguchi (2001) , Umemoto et al. (1999) , and Bachiller and Pérez Gutiérrez (1997) . The high kinetic temperature of 130-140 K is attributed to the shock heating (Umemoto et al. 1999) , whereas the H 2 density is deduced to be 10 5 cm 3 by observing high density tracers Bachiller & Pérez Gutiérrez 1997) . L 1157 B1 is apart from the protostar by 1 0 (0.13 pc), and hence, we can observe the "pure" shocked region without bothering about the complicated structure of the protostellar core even with the single-dish telescope.
Abundances of fundamental molecules in L 1157 B1 were reported by Avery and Chiao (1996) and Bachiller and Pérez Gutiérrez (1997) . These results clearly indicated that the abundances of some molecules such as SiO, CH 3 OH, H 2 CO, and SO are enhanced by the shock. Detailed distributions of molecules in L 1157 B1 were obtained by interferometric observations (e.g., Benedettini et al. 2007 ), which demonstrated a clumpy nature of the shocked gas. Moreover, Arce et al. (2008) detected some complex organic molecules such as HCOOCH 3 , HCOOH, and C 2 H 5 OH, whereas Codella 105-2 T. Yamaguchi et al. [Vol. 64, et al. (2009) conducted the high resolution imaging of CH 3 CN with PdBI. Recently, Nisini et al. (2010a) reported on the line survey in the submillimeter-wave region toward L 1157 B1 with Herschel, where CH 3 OH emissions are found to be dominant.
As mentioned above, L 1157 B1 is one of the best objects for detailed studies on the shock chemistry. We have therefore conducted the unbiased spectral line survey toward this source in the 3 mm band with the Nobeyama 45 m telescope (NRO 45 m), as a part of the legacy project of Nobeyama Radio Observatory. The initial result verifying the feasibility of the line survey has recently been reported by Sugimura et al. (2011) . They observed the frequency ranges of 88.6-91.0 GHz and 96.3-97.5 GHz, and detected several lines of complex organic molecules such as CH 3 CHO and HCOOCH 3 , as well as a line of mono-deuterated methanol CH 2 DOH. With the aid of the chemical model calculation for these complex organic molecules, they suggested that the desorption of grain mantle species, which are formed by grain-surface reactions in the cold era, contributes to the abundances of some molecules such as HCOOCH 3 and HCOOH in L 1157 B1. They also pointed out that the gas-phase reactions could be effective in producing a few species such as CH 3 CHO even on a short dynamical time scale of the bipolar outflow (1.8 10 4 yr) . This result confirmed the importance of the grain-surface production and the subsequent evaporation of complex organic molecules by the shock in L 1157 B1. In other words, the composition of complex organic molecules in the gas phase reflects that in grain mantles. (Parise et al. 2002) . These results may suggest that there is a difference in the chemical composition of grain mantles between protostellar cores and ambient clouds (Sugimura et al. 2011) .
Encouraged by the early results mentioned above, we have extended the spectral line survey to the whole 3 mm band, covering a frequency range of from 78.1 to 115.6 GHz. From this observation, a more detailed chemical composition of the L 1157 B1 shocked region is revealed, whose general features are presented in this paper. Quantitative analyses of survey results as well as comparisons of chemical models will be published separately.
Observation
The observation of L 1157 B1 was conducted with the NRO 45 m during three periods: from 2009 March to May; from 2009 December to 2010 May; and from 2010 December to 2011 May. L 1157 B1 is the brightest CO clump located in the blue lobe of the bipolar outflow, whose coordinates are˛(J2000.0) = 20 h 39 m 09: s 75, ı(J2000.0) = 68 ı 01 0 15: 00 9 (Δ˛= 20 00 and Δı = 60 00 referred to the protostar IRAS 20386+6751). The off-position is taken at˛(J2000.0) = 20 h 39 m 09: s 75, ı(J2000.0) = 68 ı 21 0 15: 00 9. In this observation, we used the dual-polarization sideband-separating SIS receiver T100 H/V (Nakajima et al. 2008) . The system temperatures were from 150 to 200 K in winter and 250 K in spring. The intensity scale was calibrated by the chopperwheel method, and is estimated to be accurate to within 20%. The image-rejection ratio was better than 10 dB for most cases. The main-beam efficiency (Á mb ) and the beam size are 0.41 and 18 00 , respectively, at 90 GHz. The pointing of the telescope was checked by observing the nearby SiO maser source (T Cep), the accuracy of which was better than 8 00 . The backend is a bank of autocorrelators (AC). Until 2010 May, the bandwidth and the channel spacing were 512 MHz and 0.5 MHz, respectively. Since 2010 December, they have been upgraded to 2 GHz and 0.488 MHz, respectively (Spectral Analysis Machine for the 45 m telescope, SAM 45). In order to enhance the signal-to-noise ratio, two successive channels were summed up, yielding a frequency resolution of 1 MHz. This corresponds to a velocity resolution of 3 km s 1 at 90 GHz. Since the typical velocity width of the spectral line toward L 1157 B1 is broader than 5 km s 1 except for a few molecules, this resolution is enough. Although the IF output range of the sideband-separating SIS receiver was 2 GHz for LSB and USB each, the backend capability limited the actual instantaneous bandwidth to 1.2 GHz for each sideband until 2010 May. Since 2010 December, the IF output range has been 4 GHz for LSB and USB each. Furthermore, we can obtain the LSB and USB data simultaneously, thanks to the upgrade of the backend. These improvements significantly increased the efficiency of the survey. Note that we additionally used the high resolution spectrometer (AOS-H) for a few lines, which has a resolution of 37 kHz. Figure 1 is an overview of the observed spectrum toward L 1157 B1 in the frequency range of from 78.1 to 115.8 GHz, whereas figure 2 shows its expansion. The rms-noise level achieved is 4-10 mK at a frequency resolution of 1 MHz. With this sensitivity, we detected many weak lines in addition to strong lines such as HCO + , CH 3 OH, and CS. We assigned the observed lines using three molecular spectral line databases: CDMS (Muller et al. 2005) , JPL (Pickett et al. 1998) , and NIST.
Results

Overall Result
1 The spectral lines from the image side band are indicated as "image" in figure 2. A basic criterion for detection is whether the line has the integrated intensity with a confidence level of higher than 4 . However, we also picked up some lines even below this level, if some other lines of the same molecule are definitively detected. All the detected molecules are summarized in table 1. In total, 129 lines of 29 species are detected. the lines of some molecular ions (e.g., N 2 H + , H 13 CO + ) and the isotopic species of CO exceptionally show narrow velocity widths ranging from 2 to 3 km s 1 , which suggests that they are emitted from the ambient gas. The peak velocities of most lines are blue-shifted with respect to the systemic velocity of the ambient gas of 2.7 km s 1 . Exceptions occur in the case of the lines of molecular ions and the isotopic species of CO, as in the case of the line widths. We further discuss the relation between the line width and the peak velocity in section 4. Sugimura et al. (2011) reported on the lines of oxygenbearing organic molecules such as CH 3 OH, CH 3 CHO, HCOOH, and HCOOCH 3 . We detected other transition lines of these molecules as well as three new lines of C 2 H 5 OH, which was first found in this source by Arce et al. (2008) . These results confirm that L1157 B1 is rich in organic chemistry.
Organic Molecules
We detected five emission lines of CH 3 OH in addition to the four lines reported by Sugimura et al. (2011) . Since CH 3 OH is very abundant in the L 1157 B1 shocked region, the b-type transition was observed with moderate intensity in addition to the a-type transition. More importantly, we detected the 6 2;5 -7 1;7 E and 3 1;3 -4 0;4 A ++ lines in absorption, as shown in figure 3. Since there is no strong millimeter-wave continuum source toward L 1157 B1, these are absorptions mainly against the cosmic microwave background. This indicates the non-LTE condition of the rotational level population of CH 3 OH in this source. Usually, these lines are observed in emission in star-forming regions. For instance, Goldsmith, Krotkov, and Snell (1983) reported on the 3 1;3 -4 0;4 A ++ line in emission toward the Orion KL hot core, and the spectral survey toward the low-mass hot corino source IRAS 16293 2422 (Caux et al. 2011 ) also shows emissions of these two lines. We evaluated the brightness temperature of the 3 1;3 4 0;4 A ++ line to be 0.19 K with the non-LTE radiative transfer code, RADEX (van der Tak et al. 2007) , where the kinetic temperature of 50 K, the H 2 density of 10 5 cm 3 , the line width of 6.5 km s 1 , and the column density of 3 10 15 cm 2 (Sugimura et al. 2011 ) are assumed. The negative brightness temperature means absorption against the cosmic microwave background. For the kinetic temperature of 100 K and the H 2 density of 10 6 cm 3 , that are typical of hot core sources, it appears to be an emission of 0.71 K, because the rotational level population approaches the LTE condition. Therefore, this line is sensitive to the physical condition, and the absorption feature is consistent with the physical condition of L1157 B1.
CH 3 CHO is detected toward high-mass star-forming regions (e.g., Gottlieb 1973; Ikeda et al. 2001 ) and hot corino sources of low-mass star-forming regions such as IRAS 16293 2422 (Cazaux et al. 2003) . Although this molecule is detected toward cold dark clouds such as TMC-1 and L 134 N (Matthews et al. 1985) , its fractional abundance relative to H 2 tends to be higher in hot cores and/or hot corinos than in cold dark clouds. Sugimura et al. (2011) detected three lines of this molecule, and evaluated the fractional abundance to be (1.3-2.6) 10
8 . This value is two orders of magnitude higher than that of TMC-1 (6 10 10 : Matthews et al. 1985) , which suggests that CH 3 CHO in L 1157 B1 does not originate from the ambient component simply compressed by the shock, but is related to the shock chemistry. In the present survey, we newly detected 13 lines of this molecule. Arce et al. (2008) detected 9 lines of HCOOCH 3 toward L 1157 B1 in the 3 mm and 1.3 mm bands with the Institut de Radio Astronomie Millimétrique (IRAM) 30 m telescope. Sugimura et al. (2011) detected additional two transitions (7 1;6 -6 1;5 and 8 1;8 -7 1;7 ) with the NRO 45 m. So far, HCOOCH 3 has been thought to be specific to hot cores/hot corinos (e.g., Cazaux et al. 2003; Kuan et al. 2004; Bottinelli et al. 2004; Sakai et al. 2006) , and has never been detected toward cold dark clouds (Requena-Torres et al. 2007 ). Sugimura et al. (2011) showed on the basis of the chemical model calculation that it is impossible to explain the abundance of HCOOCH 3 obtained for L 1157 B1 by the gas-phase production within the dynamical time scale of 1.8 10 4 yr. They concluded that it is more reasonable to invoke the grain-surface reactions for production of HCOOCH 3 (e.g., Garrod & Herbst 2006) . It is likely that HCOOCH 3 detected toward L 1157 B1 is evaporated from grain mantles by the shock. In the present line survey, we detected the 8 4;4 -7 4;3 A, 9 0;9 -8 0;8 (A + E), 9 5;5 -8 5;4 A, and 9 3;6 -8 3;5 A lines. This further confirms the existence of HCOOCH 3 in L 1157 B1. Arce et al. (2008) detected two lines of HCOOH. Sugimura et al. (2011) also found the 4 0;4 -3 0;3 line. We further detected the 4 1;4 -3 1;3 , 4 1;3 -3 1;2 , 5 1;5 -4 1;4 , and 5 2;3 -4 2;2 lines. This molecule is known to exist in the high-mass star-forming regions such as Ori KL (e.g., Liu et al. 2002) , low-mass starforming regions such as IRAS 16293 2422 (Cazaux et al. 2003) , and cold dark clouds such as L 183 (Requena-Torres et al. 2007 ). Now the existence of this molecule in the shocked region is well established.
In the present line survey, we detected four lines of NH 2 CHO (4 0;4 -3 0;3 , 4 1;3 -3 1;2 , 5 1;5 -4 1;4 , and 5 0;5 -4 0;4 ). This is the first detection of this molecule in L 1157 B1. Although this molecule contains the nitrogen atom unlike the other organic molecules mentioned above, it is also suggested that it is produced by the grain-surface reactions including CO, N, and H (Tielens & Hagen 1982) . So far, NH 2 CHO was detected toward high-mass star-forming regions (e.g., Bisschop et al. 2007 ), but was not found in low-mass star-forming regions and cold dark clouds. Detection of this molecule toward L 1157 B1 supports the prediction that NH 2 CHO is produced on the grain-surface and evaporated by the shock, as are the other organic molecules. Arce et al. (2008) detected C 2 H 5 OH (4 1;4 -3 0;3 ) toward L 1157 B1. We newly detected the 8 2;7 -8 1;8 , 7 0;7 -6 1;6 , and 5 1;5 -4 0;4 lines, confirming the existence of C 2 H 5 OH. According to Charnley, Tielens, and Millar (1992) , this molecule has the origin of grain-surface chemistry, since it is difficult to reproduce the abundances of C 2 H 5 OH in the compact ridge of Orion KL (10 6 ) and in some hot core sources such as W 51 (10 8 : Turner 1991) by the gas-phase production process, because of the slow radiative association of H 3 O + and C 2 H 4 . Hence, C 2 H 5 OH toward L 1157 B1 also seems to be produced on the grain surface and evaporated by the shock, as are the other organic molecules.
In addition to the above oxygen-containing complex organic molecules, we detected the CH 3 CN (
This molecule is known to exist in hot cores/hot corinos (e.g., Churchwell et al. 1992) , and is regarded as a useful tracer to study the dense part near the protostar 105-37 Obtained from the Gaussian fit.
Obtained from the data observed with the high resolution spectrometer (Δ = 37 kHz). Obtained from the Gaussian fit. Frequencies are based on the peak position of the observed spectral profile, assuming that V lsr is 2.7 km s 1 .
105-40
T. Yamaguchi et al. [Vol. 64, (e.g., Beltrán et al. 2004) . Note that Arce et al. (2008) detected the J K = 14 K -13 K (K = 0-3) lines toward L 1157 B1, and Codella et al. (2009) conducted the high resolution mapping observation of the J K = 8 K -7 K (K = 0-4) line with the PdBI interferometer to trace the bow-shock structure.
In the present survey, four lines of H 2 CCO (4 1;4 -3 1;3 , 4 0;4 -3 0;3 , 5 1;5 -4 1;4 , and 5 1;4 -4 1;3 ) were detected. This molecule is known to exist in cold dark clouds such as TMC-1 and L 134 N as well as high-mass and low-mass star-forming regions (Blake et al. 1987; van Dishoeck et al. 1995; Kaifu et al. 2004) . The broad line width in L 1157 B1 indicates that this molecule also resides in the shocked region.
Carbon-Chain Molecules
We detected five lines of CCS (J N = 7 6 -6 5 , 6 7 -5 6 , 8 7 -7 6 , 9 8 -8 7 , and 8 9 -7 8 ) and six hyperfine component lines of C 2 H (N = 1-0). Carbon-chain molecules are known to be abundant in young starless cores such as TMC-1 and Lupus-1 A (e.g., Suzuki et al. 1992; Kaifu et al. 2004; Sakai et al. 2010) , as well as low-mass star-forming regions, exhibiting the warm carbonchain chemistry, such as L 1527 and IRAS 15398 3359 (Sakai et al. 2008 (Sakai et al. , 2009 ). The CCS lines in L 1157 B1 have broad line widths of 5-6 km s 1 and blue-shifted peak velocities of ( 0.2-2.3) km s 1 , which are similar to features of other lines emitting from the shocked region. Similarly, the C 2 H lines have line widths of 4-7 km s 1 , and peak velocities of ( 0.2-0.7) km s 1 . These results indicate that both CCS and C 2 H mainly reside in the shocked region. So far, carbon-chain molecules in shocked regions have rarely been known except for C 2 H and HC 3 N (Bachiller & Pérez Gutiérrez 1997) . The present detection of CCS arouses an interest in the formation of these carbon-chain molecules in the shocked region, which is briefly discussed in subsection 4.3.
Sulfur-Bearing Molecules
As for sulfur-bearing species, we detected CS (J = 2-1), 13 CS (J = 2-1), C 34 S (J = 2-1), C 33 S (J = 2-1), OCS (J = 7-6, 8-7, and 9-8), SO (J N = 2 2 -1 1 , 3 2 -2 1 , and 2 3 -1 2 ), 34 SO (J N = 3 2 -2 1 ), SO 2 (8 1;7 -8 0;8 , 3 1;3 -2 0;2 , and 10 1;9 -10 0;10 ), H 2 CS (3 1;3 -2 1;2 , 3 0;3 -2 0;2 , 3 2;1 -2 2;0 , and 3 1;2 -2 1;1 ) , and four hyperfine components of NS (Ω = 1=2, J = 5=2-3=2) in the present survey, further confirming the rich sulfur chemistry in the L 1157 B1 shocked region. In contrast to SiO, which is considered to be produced through the disruption of silicate grains by the shock , Charnley (1997) suggested that many sulfur-containing molecules can be produced by the gas-phase reaction from H 2 S that evaporated from grain mantles. According to the mapping observation toward L 1157 by Bachiller et al. (2001) , the distribution of SiO is concentrated in the shock front such as B1 and B2, whereas that of SO is more extended. This seems consistent with the grain-mantle origin of the sulfur-bearing molecules in contrast to SiO which requires the disruption of silicate grains. We compare the spectral profiles of the sulfur-bearing molecules with that of SiO to see any difference in subsection 4.2.
Phosphorus-Containing Molecules
We detected the phosphorus-containing molecule PN (J = 2-1) toward L 1157 B1, as reported separately (Yamaguchi et al. 2011) . The line profile of PN (J = 2-1) has the broad line width ( 8 km s 1 ) and the blue-shifted peak velocity ( 0.6 km s 1 ) as given in table 2, which are both typical of lines emitted from the shocked region of L 1157 B1. The nondetection of PN toward the protostar (L 1157 mm, IRAS 20386+6751) position (Yamaguchi et al. 2011) suggests that the production of PN is related to the shock.
Phosphorus is a relatively abundant element, and six phosphorus-containing interstellar molecules have been known so far: PN (Turner & Bally 1987; Ziurys 1987; Turner et al. 1990 ), CP (Guélin et al. 1990 ), PO (Tenenbaum et al. 2007 ), HCP (Agúndez et al. 2007 ), CCP (Halfen et al. 2008) , and PH 3 (Agúndez et al. 2008; Tenenbaum & Ziurys 2008) . Among them, only PN is detected toward the molecular cloud, while all the others are seen in the envelope of evolved stars such as IRC +10216. Charnley and Millar (1994) considered the PN production in hot cores, and suggested that PN is produced from PH 3 evaporated in hot cores by the gas-phase reaction. This scenario may be applicable to the L 1157 B1 case, where PH 3 is evaporated by the shock. Our detection of PN in L 1157 B1 would provide an important clue for understanding the phosphorus chemistry in molecular clouds.
Other Molecules
In addition to above-mentioned molecules, we detected the following spectral lines of fundamental molecules:
30 SiO (J = 2-1), 29 SiO (J = 2-1), HC 3 N (J = 9-8, 10-9, 11-10, and 12-11), 9 fine and hyperfine components of CN (N = 1-0),
, HCS + (J = 2-1), and N 2 H + (J = 1-0). Owing to the high sensitivity of the present survey, we were able to detect the spectral lines of the rare isotopic species. The isotope ratios are discussed in subsection 3.9.
Tentative Detections
We have tentative detections of some species, as summarized in table 3. First, we tentatively detected the 8 0;8 -7 0;7 (3 ) line of HSCN. This molecule was recently identified as an interstellar molecule toward Sgr B2(N) by Halfen et al. (2009) . However, more stable geometrical isomer, HNCS, was not detected in L 1157 B1 with a rms-noise level of 5 mK (T A ) for the 7 0;7 -6 0;6 , 8 0;8 -7 0;7 , and 9 0;9 -8 0;8 lines, although they are detected with similar intensity to HSCN in Sgr B2 (Frerking et al. 1979) . Second, we can see the SiS (J = 6-5) line at V lsr of 2.0 km s 1 with a confidence level of 5 . Sugimura et al. (2011) reported on the tentative detection of SiS (J = 5-4) with a confidence level of 6 , though the peak velocity is red-shifted (5.5 km s 1 ). Hence, the detection of SiS in L 1157 B1 is still controversial. Furthermore, we noticed the CH 3 SH (4 0 -3 0 ) line with a confidence level of 8 . Several other lines of CH 3 SH around this line have weaker intrinsic intensities. Therefore, they were not detected. Although we are fairly confident of our detection of this species, we still need to observe the other lines with higher sensitivity for confirmation. Sugimura et al. (2011) reported on nondetections of (CH 3 ) 2 O toward L 1157 B1, which is typically seen toward hot core sources along with HCOOCH 3 and CH 3 CHO (e.g., Bisschop et al. 2007 ). In our observational frequency range, many lines of (CH 3 ) 2 O are included. Although there is a hint of the (CH 3 ) 2 O line (2 2;0 -2 1;1 ), other lines with stronger intrinsic intensities were not detected. Hence, we still need more sensitive observations to claim our detection of this species.
Important Non-Detections and Unidentified Lines
We did not detect C 2 H 3 CN, though several lines with reasonable intrinsic intensities were included in our observational frequency range. Moreover, we did not detect the NH 2 CN (4 1;4 -3 1;3 ) and CH 2 CN (4 0;4 -3 0;3 ) lines, which have been detected toward Sgr B2(M) (Wannier & Linke 1978; Irvine et al. 1988 ).
Although we detected a few short carbon-chain molecules, CCS, C 2 H, and HC 3 N, as well as a carbon-chain related species, c-C 3 H 2 , we could not detect longer carbon-chain molecules such as C 3 H, C 4 H, and HC 5 N. The carbonchain chemistry in L 1157 B1 seems to be different from that in young starless cores, where various long carbonchain molecules, such as C 4 H and HC 5 N, are detected (Sakai et al. 2008) . Sugimura et al. (2011) detected CH 2 DOH by observing the 2 0;2 -1 0;1 e 0 line (Quade & Suenram 1980) . Although some other lines of deuterated molecules such as HDO (1 1;0 -1 1;1 ), NH 2 D (1 1;1 -1 0;1 ), and HDCS (e.g., 3 0;3 -2 0;2 ) were included in our observational frequency range, we did not detect them in the present survey. Since Bachiller and Pérez Gutiérrez (1997) could not detect the DCO + and DCN lines toward L 1157 B1, it is not surprising that we cannot detect the above deuterated molecules.
In spite of our efforts, 7 lines are still unidentified, as listed in table 3. A criterion of the U line is that the line has the integrated intensity with a confidence level higher than 4 and is not assigned to known spectral lines in the data bases (CDMS, JPL, and NIST). It is also confirmed that the 7 lines do not come from the image band. Their line widths suggest that they are emitted from the shocked region.
Isotopic Species
The integrated intensity ratio between C 34 S and C 33 S (J = 2-1) [hereafter denoted by I (C 34 S)=I (C 33 S)] is 5.9 (Sugimura et al. 2011) , which is similar to the 34 S= 33 S isotope ratio in interstellar clouds (6.27˙1.01: Chin et al. 1996) . Similarly, the I (C 34 S)=I ( 13 CS) ratio in L 1157 B1 is evaluated to be 1.67, which is close to that in interstellar clouds (1.87-2.92: Chin et al. 1996) . Assuming that the isotopic ratios in L 1157 are similar to those in nearby interstellar clouds, these results mean that the C 34 S, C 33 S, and 13 CS lines are optically thin. On the other hand, its I ( 12 CS)=I ( 13 CS) ratio is found to be 26.6, which is about a half of the 12 C/ 13 C isotopic ratio in interstellar clouds (60: Lucas & Liszt 1998) . Hence, the 12 CS line is slightly optically thick toward L 1157 B1. In addition, the I ( 32 SO)=I ( 34 SO) ratio for the 3 2 -2 1 lines is found to be 21.3. Since this value is similar to that in interstellar clouds (24.4˙5.0) by Chin et al. (1996) 
Discussion
Since L 1157 B1 is a shocked region impacted repeatedly by the blue lobe of the molecular outflow, typical line profiles tend to be blue-shifted with respect to the systemic velocity of the quiescent gas ( 2.7 km s 1 ). Furthermore, they show broad line widths ranging from 5 to 9 km s 1 . The peak velocity (V lsr ) and the line width (Δv) are approximately determined by assuming the Gaussian profile, although the real profile is slightly asymmetric. The results are given in table 2 with their fitting errors. Although the spectral resolution is 3 km s 1 , we can determine the V lsr value much more precisely by the fit, as shown in table 2. The V lsr and Δv values thus determined should reflect differences of the distributions of molecules to some extent. In this section, we discuss the relation between V lsr and Δv for various kinds of molecules.
For this purpose, we employ the SiO (J = 2-1), CH 3 OH (5 1;5 -4 0;4 E), and 13 CO (J = 1-0) lines as the standard lines (figure 4a). Among many CH 3 OH line, we choose this line, because it is relatively strong and free from blending of other lines. SiO is considered to be released into the gas phase through disruption of silicate grains by strong shocks . Hence, the distribution of this molecule is concentrated around the shock front of the outflow (e.g., Bachiller et al. 2001) . As a result, the SiO (J = 2-1) line shows the most blue-shifted peak velocity and the broadest line width. Namely, it has V lsr of 1.6˙0.5 km s 1 and Δv of 9˙1 km s 1 , which is located near the upper-left corner of the V lsr -Δv diagram (figure 4a). On the other hand, CH 3 OH is produced in grain mantles, and is released into the gas phase by the sputtering. The mapping observation by Bachiller et al. (2001) indicates that the distribution of CH 3 OH is more extended than that of SiO, although the emission peak of CH 3 OH is close to that of SiO. Since CH 3 OH evaporates more easily than SiO, the evaporation of CH 3 OH can occur even under weaker shocks. Hence, its peak velocity is less blue-shifted than that of the SiO line, and the line width is narrower. For example, the line profile of the 5 1;5 -4 0;4 E line has V lsr of 0.55˙0.03 km s 1 and Δv of 5.8˙0.2 km s 1 . In contrast, the 13 CO (J = 1-0) line is mainly emitted from the quiescent ambient gas, and hence, the peak velocity and the line width (V lsr = 3.3˙0.1 km s 1 and Δv = 3.1˙0.2) are much different from those of the SiO and CH 3 OH lines. This is also true for the C 18 O (J = 1-0) line. The V lsr values of the 13 CO (J = 1-0) and C 18 O (J = 1-0) lines are 3.3 and 3.0 km s 1 , respectively, which are close to the systemic velocity ( 2.7 km s 1 ). If the line profile reflects the distribution of molecules as seen in the above representative molecules, the line width systematically decreases as the peak velocity increases. In fact, the correlation diagram of V lsr -Δv for all the detected lines indicates such a trend, as shown in figure 4b.
In the following subsections, we discuss the V lsr -Δv diagram for each class of molecules.
Organic Molecules
Figures 5a-5d indicate the V lsr -Δv diagrams of CH 3 OH, CH 3 CHO, HCOOH, and HCOOCH 3 . As mentioned above, the CH 3 OH lines have higher V lsr and narrower Δv than the SiO (J = 2-1) line (figure 5a), although the plots are scattered considerably. As mentioned above, a difference of the position in the V lsr -Δv diagram between the two molecules reflects the difference of their distributions, and then the difference of their production processes. The higher excitation lines tend to have lower V lsr values and wider line widths. The averaged position in the diagram is (V lsr , Δv) = (0.1 km s 1 , 5.9 km s 1 ). CH 3 CHO lines show a similar trend to CH 3 OH ones, as shown in figure 5b . The averaged position in the diagram is (V lsr , Δv) = (0.6 km s 1 , 5.2 km s 1 ) for the CH 3 CHO lines, although the individual data of the CH 3 CHO lines are scattered due to low signal-to-noise ratios. A slight difference of the averaged V lsr between CH 3 OH and CH 3 CHO might indicate the difference of their production processes. Sugimura et al. (2011) suggested a possibility of the gas-phase production of CH 3 CHO in the shocked region in contrast to the CH 3 OH case. A more extended (higher V lsr ) nature of CH 3 CHO seems to be consistent with their suggestion. However, this argument apparently requires more statistics. Similarly, averaged positions of the HCOOH and HCOOCH 3 lines seem to have higher peak velocities and narrower line widths in comparison with that of the SiO (J = 2-1) line (figures 5c and 5d, respectively). Nevertheless, the line profiles of CH 3 CHO, HCOOH, and HCOOCH 3 still have lower peak velocities and broader line widths than that of 13 CO, which means that the three molecules do not mainly come from the ambient gas.
Sulfur-Containing Molecules
Figures 5e-5h are the V lsr -Δv diagrams of CS and its isotopomers, SO and its isotopomer, SO 2 , and H 2 CS. The averaged positions for these molecules in the diagram are also shifted toward the lower-right direction in comparison with that of SiO (J = 2-1). Mikami et al. (1992) indicated that the SiO (J = 2-1) line is detected only toward shocked regions, such as L 1157 B1 and L 1157 B2, whereas CS (J = 2-1) can also be seen toward the protostar position (L1157 mm). The mapping observation of L 1157 by Bachiller et al. (2001) indicated that the distribution of CS (J = 3-2) is more extended than that of SiO (J = 3-2), although the distributions of both the CS and the SiO emissions have a peak around the shocked regions. A similar situation arises in the case of SO (Bachiller et al. 2001 ). The averaged position in the V lsr -Δv diagram reflects the difference of distributions between these sulfur-containing molecules and SiO. As mentioned in section 3, these sulfur-containing molecules might be produced by the gas-phase reaction in the high temperature gas from H 2 S that evaporated from grain mantles (Charnley 1997) . If so, the sulfur-containing molecules in L 1157 B1 originate from the same grain mantle as the organic molecules do, and hence, the averaged positions in their V lsrΔv diagrams are expected to be similar to each other. However, 
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T. Yamaguchi et al. [Vol. 64,  the data for sulfur-containing molecules tend to be located in the lower V lsr (average = 0.27 km s 1 ) in comparison with those for organic molecules such as CH 3 CHO, HCOOH, and HCOOCH 3 (average = 0.43 km s 1 ) in figure 5 . This systematic trend may indicate that the distribution of the sulfurcontaining molecules is different from that of the organic molecules in the shocked region.
Carbon-Chain Molecules
Figures 5i and 5j are the V lsr -Δv diagrams of C 2 H and CCS, respectively. As in cases of organic molecules and sulfurcontaining molecules, the averaged positions in the V lsr -Δv diagrams of these carbon-chain molecules are located down from that of the SiO (J = 2-1) line. Namely, they have higher peak velocities and narrower line widths than the SiO (J = 2-1) line. The averaged line widths range from 5 to 7 km s 1 . This feature suggests that the lines of carbon-chain molecules mainly come from the shocked region. It seems likely that the production of these carbon-chain molecules is triggered by the grain-mantle evaporation, not by the disruption of grain cores.
Recently, the production of carbon-chain molecules by the evaporation of CH 4 was reported on for some low-mass starforming regions (Sakai et al. 2008) . This is called warm carbon-chain chemistry (WCCC). In WCCC, carbon-chain molecules are produced in a lukewarm region (T 25 K) around the protostar, where H 2 O is still frozen-out. The evaporated CH 4 reacts with C + to form C 2 H + 3 , which is a precursor ion of C 2 H and C 2 H 2 . The similar process may be possible in the shocked region. However, H 2 O also evaporates from dust grains and can be a main destructor for C + in L 1157 B1 unlike L 1527. Therefore, the production efficiency of carbonchain molecules would not be very high. Our results will be useful for further studies of the carbon-chain chemistry in the shocked region.
Other Molecules
Figures 5k and 5l are the V lsr -Δv diagrams of CO with its isotopomers and the molecular ions, respectively. The 12 CO line shows the exceptionally lower peak velocity and the broader line width than the other CO isotopomers, because it well traces the outflow and the shocked region due to its high optical depth. On the other hand, the rare CO isotopomers mainly trace the ambient gas. A similar situation can be seen for the molecular ions (HCO + and H 13 CO + ) and CS (CS, 13 CS, and C 33 S). The optically thick HCO + line tends to trace the outflow and the shocked region, whereas their rare isotopomer lines trace the ambient gas. The N 2 H + line has the peak velocity approximately close to the systemic velocity of the ambient gas.
In the above subsections, we have compared the V lsr -Δv diagrams of some classes of molecules. Such a diagram is found to be useful for qualitatively studying the distribution of each molecule, based on data from single-dish data. However, our results have to be confirmed eventually by interferometers of high spatial resolution.
